Six species having characteristics of plants with the C4 dicarboxylic photosynthetic pathway, Echinochloa utilis L. Ohwi et Yabuno (Japanese millet), Cynodon dactylon L. (Bermuda grass), Kyllinga brevifolia Rottb., Amaranthus tricolor L. cv. Early splendour, Kochia childsii Hort., and Portulaca grandiflora Hook (rose moss), responded decisively to 0.1 miliequivalent per liter NaCl supplied to their culture solutions initially containing less than 0.08 microequivalent per liter Na.
Hook (rose moss) were obtained from commercial seed suppliers. Seeds of Kyllinga brevifolia Rottb. were collected locally. The procedures for germination and growth of plants under conditions of low sodium have been described previously (2) . The basal culture solution had the following composition expressed in ftmoles/liter: KNO3, 5,000: Ca(NOj). 4 ,000; Lemm. in 1954 (1) , when it was demonstrated that small amounts of the element are specifically required for growth. Subsequently, sodium was shown to be essential for the angiosperm, A triplex vesicaria Heward ex Benth (Bladder saltbush) (6) , and more recently other species have been shown to respond to sodium (3, 16) . Significant responses to sodium have been reported in barley (3) and tomatoes (17) , but the responses were small and no deficiency symptoms were observed.
Only certain species of Atriplex responded, decisively, to small quantities of sodium whereas other species of the same genus showed no response (3). Subsequently, it was observed that the species of A triplex which required sodium had characteristics of plants with the C4 photosynthetic pathway whereas those not requiring sodium had features of the C3 photosynthetic pathway (9) (10) (11) .
This communication gives results of experiments in which six species from five families (Echinochloa utilis, Cynodon dactylon, Kyllinga brevifolia, A maranthus tricolor, Kochia childsii, and Portulaca grandiflora) with features of C, plants (7, 9) were shown to have a sodium requirement whereas Poa pratensis, a species with C3 characteristics, showed no response to sodium. These results in conjunction with previously pub- 
RESULTS
Echinochloa utilis, Cynodon dactvlon, Kyllinga brevifolia, Ainaranthus tricolor, Kochia childsii, and Portiulaca grandiflora showed significant dry weight responses when 0.1 meq/ liter NaCl was supplied to their culture solutions (Table I) . Plants of each species growing in cultures not receiving sodium made little growth compared to those supplied with sodium and had the characteristic leaf lesions described previously in sodium-deficient A triplex species (Fig. 1) (2, 3, 6 ). Only the Portulaca grandiflora plants which received the sodium treatment set flower. Plants of Poa pratensis grew normally in "sodium-free" cultures and did not respond to the sodium treatment.
DISCUSSION
In Table II , the responses of 32 species to 0.10 meq/liter of sodium chloride or sodium sulfate are summarized. Only certain species of Echinochloa, Cynodon (Gramineae), Kyllinga (Cyperaceae), Amaranthus (Amaranthaceae), Atriplex, Kochia, Halogeton (Chenopodiaceae), and Portulaca (Portulacaceae) have been shown to respond to sodium by marked increases in dry weight. Plants grown in sodium-free cultures exhibited the leaf lesions previously described (2, 3, 6) . These species have characteristics of plants with the C, dicarboxylic pathway which include the "Kranz type" specialized leaf anatomy (9), a low CO2 compensation value, and reduced 'C discrimination (13) . The known C, pathway characteristics for each species are shown in Table II . No data relating to the C, pathway was available for certain species, including Atriplex setnilutnalaris, Atriplex lindleyi, Atriplex angustifolia, Atriplex albicans, Exomis axyrioides, and Aster tripoliumn, since their requirement for sodium was determined before the discovery of the C, dicarboxylic pathway and material is currently unavailable.
Three other species, barley (3) , Atriplex hortensis (3), and tomato (17) , with characteristics of C3 pathway plants responded to sodium, but only marginally. The plants of these species in "sodium-free" cultures did not exhibit sodium deficiency lesions.
Within Atriplex and Kochia, which include both C, and C4 species, only the C, species have been shown to respond to sodium; no decisive response was obtained in their C3 species.
It appears from these data that species having characteristics of the C, photosynthetic pathway generally have a requirement for sodium.
Little is known of the role of sodium in plant metabolism. The respiration of leaves of sodium-deficient Atriplex nummularia is markedly depressed and restored within a few hours of adding sodium to the deficient culture solution, whereas the leaf symptoms are not alleviated until the 5th day. The output of CO. in the dark under anaerobic conditions was restored when sodium was fed to the deficient plants (4) . In Anabaena cylindrica, nitrate reductase activity was greatly increased in cells grown without sodium. Addition of sodium controlled the activity of this enzyme. Nitrogen fixation was reduced in sodium-deficient cells (5) . Sodium chloride compared to potassium chloride at 1 mm concentration has been shown to stimulate markedly the uptake of phosphate in the unicellular green alga, Ankistrodesmus braunii (12) .
The correlation between the possession of the C, pathway and the essentiality of sodium could contribute to the underSpecies Plant Physiol. Vol. 49, 1972 REQUIREMENT FOR SODIUM AS A MICRONUTRIENT standing of the role of sodium in the metabolism of plants for which it is essential. It would be expected to function in a metabolic system unique to species with the C4 dicarboxylic photosynthetic pathway.
